Conen, MD, MPH; for the Swiss-AF Investigators* Background--The incidence and predictors of atrial fibrillation (AF) progression are currently not well defined, and clinical AF progression partly overlaps with rhythm control interventions (RCIs).
C urrent thinking indicates that atrial fibrillation (AF) usually progresses from short, rare episodes to longer and more frequent attacks. 1 Patients who develop more sustained forms of the disease are less amenable to treatment and are thought to have a worse outcome. 2, 3 A recent meta-analysis suggested a higher risk of thromboembolism and death among patients with sustained compared with intermittent forms of AF. 4 In clinical practice, AF is classified into paroxysmal, persistent, or permanent AF. 1 Even though the classification poorly reflects temporal persistence of the arrhythmia, 5 it is commonly used in daily clinical practice. In a recent metaanalysis, the cumulative incidence of AF progression was 8.1 per 100 patient-years. Main predictors explaining betweenstudy heterogeneity were age, hypertension, follow-up duration, and baseline AF type. 6 However, previous studies did not take into account at least 2 important issues. First, the change in AF type is not exclusively unidirectional, as AF may also regress to less sustained forms, and prior studies have not acknowledged this. Second, AF progression may be masked to some extent by the use of rhythm control interventions (RCIs). The most effective RCIs currently available are antiarrhythmic treatment with amiodarone, direct electrical cardioversion (ECV) and pulmonary vein isolation (PVI). 7 While RCIs partly overlap with the definition of the clinical AF type, they constitute an independent entity that needs to be taken into account separately.
A better understanding of clinical AF progression and its associated risk factors will improve risk prediction and help to plan specific intervention studies to prevent AF progression. In the current study, we aimed to assess the incidence and associated predictors of clinical AF progression and RCIs in a large cohort of prospectively followed patients with paroxysmal and persistent AF.
Methods
The consent forms, as approved by the local ethics committee (Ethikkommission Nordwest-und Zentralschweiz), do not allow the data to be made publicly available. Researchers may contact the authors for the potential submission of research proposals for future analyses.
Study Design and Participants
To increase sample size and power, we combined data from 2 ongoing prospective, observational, multicenter cohort studies of AF patients in Switzerland. Both cohorts used similar enrollment criteria, outcome definitions and case report forms.
Between 2010 and 2014, the BEAT-AF (Basel Atrial Fibrillation) cohort study recruited 1553 patients with documented AF across 7 centers in Switzerland. The Swiss-AF (Swiss Atrial Fibrillation) study enrolled 2415 AF patients between 2014 and 2017 across 14 centers in Switzerland. The detailed methodology for Swiss-AF was described earlier. 8 In both cohorts, all patients were required to have previously documented AF. The main exclusion criteria for both cohorts were the inability to sign informed consent and secondary forms of AF (eg, AF after cardiac surgery). Patients with an acute illness within the past 4 weeks could only be enrolled once the acute episode had resolved. Patients enrolled in BEAT-AF were not eligible for participation in Swiss-AF and vice versa.
From the combined data set of BEAT-AF and Swiss-AF, we excluded 942 (23.7%) patients with permanent AF at baseline. From the remaining 3026 patients, we excluded 144 (4.8%) patients without follow-up information on AF type, 8 (0.3%) patients without follow-up information on RCIs, and 5 (0.1%) patients with double inclusion, such that 2869 patients remained in the final analyses. For the present analysis, we used available data up to October 12, 2018.
The study protocols of both studies were approved by the local ethics committees, and informed written consent was obtained from each participant.
Assessments
In both cohorts, patients completed similar questionnaires about personal, medical, nutritional, and lifestyle factors on a yearly basis. Smoking status was categorized into current smokers and noncurrent smokers (past or never smokers). Body mass index (BMI) was calculated as weight in kilograms divided by height in meters squared. Local investigators classified the current AF type according to the 2010 guidelines of the European Society of Cardiology into paroxysmal AF (selfterminating, usually within 48 hours), persistent AF (episodes lasting >7 days or requiring termination by electrical or medical cardioversion) or permanent AF (AF is accepted by the patient and the physician, and no further attempts to restore sinus rhythm are performed). 1 For consistency reasons we did not apply the updated 2016 guidelines in which AF episodes cardioverted within 7 days are considered paroxysmal AF. 7 The current AF type was determined by the local study investigator during the baseline or follow-up visits on the basis of all available clinical patient data. We did not distinguish between long-standing persistent and permanent AF. Coronary artery disease was defined as either a history of myocardial infarction and/or percutaneous transluminal coronary angioplasty and/or coronary bypass graft. Physical activity was
Clinical Perspective
What Is New?
• The incidence for clinical atrial fibrillation (AF) progression was relatively low (5.2 cases per 100 patient-years of follow-up). • Several potentially modifiable risk factors and comorbidities were key predictors of clinical AF progression. • Patients with and without rhythm control interventions had a similar AF progression rate, although pulmonary vein isolation was associated with a lower AF progression rate.
What Are the Clinical Implications?
• A healthy lifestyle may help to reduce the risk of AF progression. • The role of rhythm control interventions in the prevention of AF progression is less clear.
assessed using a question about whether participants perform physical activity on a regular basis or not. After a face-to-face examination at baseline, all yearly follow-up examinations in BEAT-AF were performed by paperbased mailed questionnaires and subsequent telephone interviews. In Swiss-AF, all patients were assessed yearly by clinical follow-up visits. In both cohorts, patients completed information about personal factors, and trained study personnel subsequently updated AF type, comorbidities, medication, medical interventions, and intercurrent adverse events during the clinical visits (Swiss-AF) or telephone interviews (BEAT-AF), respectively. The current AF type was assessed in both cohorts during each baseline and follow-up visit, into paroxysmal, persistent, or permanent on the basis of clinical information and medical reports.
Definitions and Outcomes
Clinical AF progression was defined as AF progression from paroxysmal AF at baseline to nonparoxysmal AF (persistent or permanent AF) at the latest follow-up or as AF progression from persistent AF at baseline to permanent AF at the latest follow-up. To take into account AF regression, intermittent classification into higher clinical AF categories with subsequent regression to the same or a lower clinical category by the latest follow-up was not counted as AF progression.
Intercurrent RCI was defined as undergoing either ECV, PVI, or treatment with amiodarone during prospective followup. For the RCI analyses we excluded all patients (n=597; 20.8%) who were receiving amiodarone at baseline.
Statistical Analysis
Baseline characteristics were stratified by baseline AF type (paroxysmal versus persistent). Categorical variables were presented as numbers (percentages) and compared using v 2 tests. The distribution of continuous variables was checked using kurtosis, skewness, and visual inspection of the histogram (not presented). They were presented as meansAE SDs or median (interquartile range) and compared using Student t tests or Wilcoxon rank-sum tests, as appropriate.
We constructed Kaplan-Meier Cumulative Incidence Curves for clinical AF progression and RCIs. Differences in incidence rates for AF progression from paroxysmal AF to nonparoxysmal AF versus AF progression from persistent AF to permanent AF were compared using a log-rank test.
To identify independent predictors of clinical AF progression or RCI, we constructed Cox regression models to calculate hazard ratios (HRs) and 95% CIs. The proportional hazard assumption for the Cox models has been assessed by creating interactions of the predictors and a function of the survival time (not presented). All models included a predefined set of covariates: age, sex, BMI, heart rate, systolic blood pressure, history of diabetes mellitus, history of coronary artery disease, history of hypertension, history of heart failure, history of stroke and/or transient ischemic attack, history of hyperthyroidism, history of renal failure, regular physical activity, smoking (current versus history/never smoker), AF type at baseline (paroxysmal versus persistent), history of PVI, and presence of AF-related symptoms. Regression models on clinical AF progression were additionally adjusted for amiodarone treatment at baseline. P values for interaction were calculated by adding a multiplicative interaction term. We also performed sensitivity analyses for RCI and clinical AF progression among patients without a history of PVI or ECV at baseline.
Statistical analyses were performed using SAS 9.4 (SAS Corporation, Cary, NC) or STATA software version 12.0 (StataCorp, College Station, TX). A 2-sided P<0.05 was considered to indicate statistical significance.
Results
We included 1854 (65%) patients with paroxysmal and 1015 (35%) patients with persistent AF in the analysis. Baseline characteristics stratified by baseline AF type are shown in 
Clinical Atrial Fibrillation Progression
During a median (interquartile range) follow-up of 3.0 (2.0; 5.0) years, 458 of 2869 (16.0%) patients had clinical AF progression (incidence 5.2 per 100 patient-years of follow-up (Table S1 ). The corresponding Kaplan-Meier estimates are presented in Figure 1 . The incidence per 100 patient-years was 4.9 for AF progression from paroxysmal to nonparoxysmal versus 5.8 for AF progression from persistent to permanent AF (P for difference=0.082; Table S1 ). When excluding patients with a history of ECV or PVI at baseline and those with any RCI during follow-up, 151 of the remaining 963 patients (15.7%) had clinical AF progression, corresponding to an incidence of 5.4 per 100 patient-years (Table S1) .
Predictors for clinical AF progression are presented in Table 2 . BMI (HR, 1.03; 95% CI, 1.01-1.05; P=0.016), heart rate (HR per 5 beats/min increase, 1.05; 95% CI, 1.02-1.08; P<0.001), age (HR per 5-year increase, 1.19; 95% CI, 1.13- .001) were associated with a higher incidence of AF progression. Regular physical activity (HR, 0.80; 95% CI, 0.66-0.98; P=0.028) and previous PVI (HR, 0.69; 95% CI, 0.53-0.90; P=0.006) were protective for AF progression. The associations were widely comparable, both in direction and magnitude, in models that were stratified for either baseline AF type or study cohort (Tables S2 and S3 ).
Rhythm Control Interventions
During follow-up, 617 of 2272 patients (27.2%) not on amiodarone treatment at baseline were treated with an RCI, defined as either a PVI and/or ECV and/or new treatment with amiodarone (incidence, 10.9 per 100 patient-years of follow-up; Figure 2 and Table S1 (Table S4) . Table 3 shows the association of covariates with any RCI during follow-up. Variables independently associated with RCI were regular physical activity (HR, 1.42; 95% CI, 1.20-1.68; P<0.001), AF-related symptoms at baseline (HR, 1.84; 95% CI, 1.47-2.30; P<0.001), age (HR per 5-year increase, 0.88; 95% CI, 0.85-0.92; P<0.001), and paroxysmal AF at baseline (HR, 0.61; 95% CI, 0.51-0.73; P<0.001). Exclusion of patients with a history of PVI and/or ECV at baseline did not influence the results (Table S5 ). 
Discussion
In this large prospective cohort of patients with paroxysmal or persistent AF, we found that the incidence of clinical AF progression was relatively low and independent of baseline AF type. Several risk factors and comorbidities potentially amenable to therapeutic or lifestyle interventions were significantly associated with AF progression. The incidence of RCI was twice as high as the incidence of clinical AF progression, and main determinants for RCI were symptoms, younger age, and physical activity. RCI did not seem to have a major impact on the clinical progression rate. The incidence of clinical AF progression was 5.2 progression cases per 100 patient-years of follow-up. In a recent meta-analysis we found a cumulative incidence of clinical AF progression of 8.1 per 100 patient-years of follow-up. 6 Our slightly revised definition of AF progression might partly explain the lower incidence in the current study. The relatively low incidence of clinical AF progression seems to be in contrast with the high overall prevalence of nonparoxysmal AF. For example, in the GARFIELD (Global Anticoagulant Registry in the FIELD) registry, which enrolled >17 000 patients with newly diagnosed AF almost 30% of the study participants had nonparoxysmal AF at baseline. 9 We observed a comparable prevalence of 38% nonparoxysmal AF among patients with recent-onset AF. 10 This raises the question of whether there is a specific population of AF patients in which persistent or permanent AF might be the first clinical manifestation of the arrhythmia.
Interestingly, patients without a history of RCI at baseline and not receiving any RCI during follow-up had a similar incidence of AF progression as the overall cohort. While a history of ECV has been incorporated in the definition of AF type, the other 2 interventions are independent of it. In our study, PVI was associated with a lower AF progression rate. These data are in line with previous studies showing that PVI is more effective than antiarrhythmic medication in restoring and maintaining sinus rhythm in symptomatic AF patients. [11] [12] [13] Moreover, a meta-analysis assessing the rate of AF progression showed a significantly lower AF progression rate among patients with catheter ablation compared with patients without an intervention. 14 Underlying mechanisms might include an inverse remodeling of the left atrium after PVI, [15] [16] [17] even though the positive effect is still debated. 18, 19 While these data suggest that PVI may slow the natural history of AF progression, causality cannot be proven in observational studies, residual confounding might persist even after comprehensive multivariable adjustment, and patient selection may play an important role in this association. Our multivariable models suggest that younger and active individuals with fewer comorbidities are more likely to receive an RCI, probably reflecting this selection process. Overall, the impact of RCI on the incidence of AF progression is unclear and needs to be assessed in future studies.
Several factors reflecting a healthy lifestyle were inversely and independently associated with clinical AF progression, including regular physical activity, a lower BMI, and a lower systolic blood pressure. Although the relationship between Journal of the American Heart Association physical activity and new-onset AF is not clear and may not be linear, [20] [21] [22] our study suggests that regular physical activity might prevent AF progression. Overweight and obesity have been described as risk factors for new-onset AF in different cohorts, [23] [24] [25] possibly mediated by left atrial dilation. 26 BMI was also associated with AF progression from paroxysmal to permanent, and the hazard ratio was similar to the one we observed in our study. 27 Blood pressure is closely related to physical activity and BMI. Hypertension explained 18% of the heterogeneity in a recently published meta-analysis on risk factors for AF progression. 6 The association of hypertension with new-onset AF was described earlier, and hypertension is thought to account for 22% of incident AF cases. 28, 29 These data show the importance of blood pressure control for both new-onset AF and AF progression, and also suggest that a healthy lifestyle not only plays a key role for primary AF prevention but may also lower the risk of AF progression. We are in line with previous studies that history of heart failure, [30] [31] [32] history of stroke, 2 and increasing age 2,31-37 are associated with clinical AF progression. It is well known that heart failure is an important comorbidity associated with AF, and both entities frequently coexist. 38 Moreover, older age is strongly and independently associated with AF. 39, 40 There seems to be an overlap of risk factors for AF progression with predisposing factors for new-onset AF. The factors might lead to structural and electrical changes in the atria that may explain the increased risk for AF progression. Possible changes could include atrial dilation, stiffness of the left atrium, and increased myocardial fibrosis, but also electroanatomical changes and conduction disturbances. [41] [42] [43] [44] An additional independent predictor in our analysis was a history of hyperthyroidism. Subclinical and clinical hyperthyroidism have been associated with incident AF. 45, 46 The underlying causes are currently not completely understood. Possible mechanisms that may explain the risk for incident AF and AF progression include elevated left atrial pressure secondary to impaired left ventricular relaxation, 47 ectopic atrial activity, 47 and shortening of action potential duration. 48 Another pathophysiological concept suggests an autoimmune-endocrine disorder. In animal studies, activating autoantibodies to the b1-adrenergic and M2 muscarinic receptors has shown to induce AF. 49 
Strengths and Limitations
Yearly standardized assessments of AF type in a large number of patients with AF is one of the key strengths of this analysis. On the other hand, some potential limitations need to be taken into account in the interpretation of our findings. Because of the observational study design, we are unable to prove causality, and residual confounding may persist despite multivariable adjustment. We did not obtain an ECG recording during BEAT-AF follow-up visits. However, we collected all available clinical data (including changes in medication, available ECGs, and RCIs) to classify the clinical AF type as accurately as possible. Stratified analyses showed consistent results without meaningful differences between the 2 cohorts. As we did not have continuous ECG monitoring, our analysis cannot provide an assessment of AF burden but is a reflection of the clinical AF type that is currently used in daily clinical practice to classify AF patients.
Conclusions
In this large, prospective study of patients with nonpermanent AF, the incidence of clinical AF progression was relatively low. A healthy lifestyle may help to prevent a significant proportion of AF progression. The role of RCIs in the prevention of AF progression is less clear, as patients without RCIs have a similar progression rate, and determinants for RCIs significantly differed from predictors of AF progression. 
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